ABSTRACT: A wild injured Iberian lynx (Lynx pardinus) was taken from the Sierra Morena population. During the health check small intraerythrocytic piroplasms, morphologically indistinguishable from other feline piroplasms, were observed in Wright-Giemsa-stained blood films. Amplification by polymerase chain reaction of a portion of the 18S nuclear small subunit (NSS) rRNA gene and sequencing revealed similarity of the unknown organism with sequences obtained from Pallas's cat from Mongolia and from a domestic cat in Spain. In a retrospective (1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003) study of 50 Iberian lynx tissue samples, no amplifications of the 18S NSS rRNA gene of the organism were obtained. This is the first report of a naturally occurring erythroparasitemia in the Iberian lynx and the first documented case of naturally occurring piroplasm infection in a free-ranging felid from Europe.
The Iberian lynx (Lynx pardinus) is the most endangered feline in the world (Nowell and Jackson, 1996) and is found only in Southern Spain in two isolated populations. One population is located in Doñ ana National Park (between 36Њ47Ј40.92Љ to 37Њ8Ј36.24ЉN, 6Њ33Ј41.76Љ to 6Њ15Ј1.8ЈW), Huelva, Spain, with 36-40 individuals, and the other in Sierra Morena (between 38Њ4Ј7.68Љ to 38Њ24Ј11.16ЉN, 4Њ16Ј38.64Љ to 3Њ47Ј57.58ЉW), Jaé n, Spain, with 90-120 lynxes (Guzmán et al., 2003) .
Intraerythrocytic piroplasms have been reported in a variety of domestic and freeliving feline species from several continents. A brief revision of piroplasms in exotic felids has been presented recently by Ketz-Riley et al. (2003) . The infection caused by Cytauxzoon felis is well studied in the domestic cat, where it causes an acute, highly fatal, febrile disease, with clinical signs of an acute hemolytic crisis (Hoover et al., 1994; Kier and Greene, 1998) although many of the clinical signs and death are apparently due to vascular disease caused by the tissue phase and are not related to the degree of parasitemia (Shaw et al., 2001) .
This tick-transmitted disease has been frequently detected throughout much of the south-central United States (Meinkoth et al., 2000) . The Eastern (Lynx rufus rufus) and Florida bobcat (Lynx rufus floridanus) are considered to be the primary reservoirs of the organism, with infection most often being subclinical in both species (Walker and Cowell, 1995) . Although death in bobcats due to the parasite has been described by experimental inoculation (Kier et al., 1982) and by natural infection (Nietfeld and Pollock, 2002) , the existence of scarce genetic information warrants further investigations to determine whether the bobcat is a natural host for two morphologically indistinguishable piroplasms (Glenn et al., 1982) . Infections of cougars (Felis concolor stanleyana) (Kocan and Kocan, 1991) and Florida panthers (Felis concolor coryi) (Butt et al., 1991) have also been reported.
Recently, an intraerythrocytic small piroplasm has been described in wildcaught PallasЈs cats (Otocolobus manul) from Mongolia (Ketz-Riley et al., 2003) .
To the authorsЈ knowledge no intraerythrocytic piroplasms have been reported in wild felids from Europe. The aim of this report was to identify an intraerythrocytic piroplasm in the blood of a wildcaught Iberian lynx and to carry out a retrospective study on tissue samples of lynx- es stored at Doñ ana National Park to determine the presence of the piroplasm in the species.
In March 2003, an injured young male Iberian lynx was extracted from the wild population of Sierra Morena and transported to quarantine facilities in a rehabilitation center in Có rdoba, Spain. The animal was subjected to a standardized health check protocol consisting of a clinical examination and collection of biologic samples. This animal had several severe muscle and skin injuries in the forelegs and a mild cystitis. Blood hematologic and biochemistry values were within normal ranges for Iberian lynx according to Beltrán and Delibes (1991) . Wright-Giemsa and J-322 Dip Quick (Jorgensen Laboratories Inc., Loveland, Colorado) stained blood films from peripheral blood had an approximately 4% parasitemia of intraerythrocytic piroplasms (Fig. 1) . Most piroplasms were rounded or slightly oval with the nucleus situated on the periphery. Dividing forms (Maltese crosses) were sometimes observed but extracellular forms were rarely seen. Single forms were usually situated in the center of the erythrocyte, and measured from 0.6 m to 1.4 mϮ0.2 in length by 0.6 m to 1 mϮ0.2 m (n ϭ 40 parasites).
To further characterize the organism, a polymerase chain reaction (PCR) was performed to amplify the 18S NSS rRNA genes of the members of the order Piroplasmida, as previously described by Meinkoth et al. (2000) . DNA was extracted with the Ultraclean DNA Blood Spin Kit (MoBio Laboratories Inc., Solana Beach, California) from 200 l of EDTAanticoagulated peripheral blood. All the process was performed according to the manufacturer's instructions. In brief, PCR reaction was carried out in a 50-l reaction mixture containing 5 l of 10ϫ PCR buffer with 2 mM MgCl 2 , 200 m of deoxynucleoside triphosphate mixture, 5 m of primer 3383 (5Ј-CCTGGTTGATCCT-GCCAG-3Ј) and 5 m of primer 3406 (5Ј-CGACTTCTCCTTCCTTTAAG-3Ј), 10 l of the extracted DNA were added. After an initial step of denaturation at 96 C for 3 min, 1.3 U of DNA polymerase were added. The following cycling conditions were 40 cycles of 1 min at 96 C, 1 min at 65 C, and 2 min at 72 C. No positive con- Park (1993 Park ( -2003 . trol was available. As negative control, distilled water was added instead of DNA in another reaction mix. The resulting PCR product (1,675 bp) was visualized under ultraviolet light on a 1% agarose gel stained with ethidium bromide after electrophoretic migration. The DNA extraction, PCR amplification, and agarose gel electrophoresis were carried out in separate areas of the laboratory to prevent sample contamination. Different instruments and reagents were used in each one of the areas and special care was taken in handling pre-and post-PCR samples.
Purification of the amplified product was performed with Bioclean DNA Purification columns kit (Biotools B & M Labs, S. A., Madrid, Spain) according to the manufacturer's instructions, and the DNA was sequenced at the Automatic Sequencing Service of the ''Centro de Investigaciones Bioló gicas'' (CSIC) using ABI PRISM 377 DNA sequencer (Applied Biosystems, Foster City, California). To determine the complete sequence of the PCR product, a new internal primer was designed (5Ј-CTTTTGCCTTGAATACTT-TAGC-3Ј) and it was used in a second sequencing reaction of the same PCR product. The obtained nucleotide sequence was analyzed for homology with other sequences available in the GenBank database. The accession numbers for the 18S rRNA nucleotide sequences of the organisms used for comparison in this study are as follows: Cytauxzoon sp., AF531418; Cytauxzoon sp., AY309956; C. felis, AF399930; C. felis, L19080; Babesia equi, Z15105; B. equi, AY150064; B. equi, AY150062l Babesia felis, AF244912; Babesia leo, AF244911; Babesia gibsoni, AF271082; Babesia microti, U09833; Babesia sp., AF188001; Babesia bigemina, X59604; Babesia canis, L19079; Theileria bicornis, AF499604; Theileria sp., U97054; Theileria sp., U97055; Theileria sp., U97051; Theileria sp., AB012196; Theileria velifera, AF097993; Theileria annulata, M64243; Theileria parva, L02366; Piroplasmida WA1, AF158700; Neospora caninum, U17345; Toxoplasma gondii, L37415. These sequences were analyzed using the MegAlign (version 5.07) component of the Lasergene program (DNAS-TAR Inc., Madison, Wisconsin, USA). Multiple sequence alignment was performed using Clustal W algorithm to define the relationships among piroplasms and other apicomplexa. A phylogenetic tree was constructed by using the neighbor-joining method and a bootstrap test was conducted to assess the reliability of the nodes of the tree.
Besides this blood sample, 50 blood and tissue samples of Iberian lynx were also processed. These samples were obtained from all dead and alive lynxes that entered the Acebuche Wildlife rehabilitation center (Doñ ana National Park, Spain) from 1993 to 2003 and were preserved for different studies. For this retrospective epizootiologic study, the sample first chosen for DNA extraction was frozen lung to detect piroplasms in blood and tissues. Blood was analyzed when lung was not available. These samples were preserved in a Trissodium dodecyl sulfate-ethylenediaminetetraacetate (Tris-SDS-EDTA) buffer specifically designed for DNA studies. Finally, other samples such as liver, kidney, or muscle were also processed if lung or blood was not available (Table 1) .
DNA extraction from blood samples was performed with the Ultraclean DNA Blood Spin Kit (MoBio Laboratories Inc.) as previously described, and DNA extraction from tissue samples was carried out using the QIAamp DNA Mini Kit (Qiagen). DNA extractions were performed following manufacturer's instructions of both commercial kits. Unfortunately, no positive control for the DNA extraction procedure was available. These DNA samples were analyzed by the same PCR technique as described above.
The hot-start PCR technique performed from the wild-caught lynx blood sample resulted in the amplification of a fragment of 1,675 bp. This PCR product was sequenced and phylogenetically compared with different sequences from other piroplasms previously described. Figure 2 shows the topology of the unknown Iberian lynx piroplasm compared with other piroplasms. The nucleotide sequence reported here has been assigned GenBank accession number AY496273. No amplification of the 18S NSS rRNA gene of the organism was obtained from any of the 50 samples stored at Doñ ana National Park.
We describe an intraerythrocytic protozoan parasite that showed maximum homology with the 18S NSS rRNA gene sequence of Cytauxzoon spp. To be more specific, the nucleotide sequence reported here showed eleven differences with the nucleotide sequence of Cytauxzoon sp. Spain 1 (GenBank accession number AY309956), reported as the first detection of Cytauxzoon sp. from a domestic cat in Spain (Criado-Fornelio, 2004) . Besides this similarity, the nucleotide sequence reported here was also very similar (99.6%) to the nucleotide gene sequence of the 18S NSS rRNA gene recently amplified from a blood sample that was obtained from a wild-caught PallasЈs cat (O. manul) in Mongolia (GenBank accession number AF531418). In fact, both sequences differ only in eight nucleotides. This is the first report of erythroparasitemia in Iberian lynx and most likely the first report of a naturally occurring piroplasm in a free-ranging felid from Europe. As no amplification of the piroplasmid 18S NSS rRNA gene was obtained from any of the 47 samples collected from animals from the Doñ ana population, there is no evidence of the presence of the piroplasm in this population. Besides that, there is also no evidence of the presence of the parasite in the samples from the animals of the Sierra Morena population that were collected previously to the detection of this individual. However, only three samples from this population were analyzed and further investigation should be performed. Nevertheless, all these results should be interpreted cautiously because no positive control for the DNA extraction process was available. On the other hand, C. felis is known to have a limited schizogonous phase in the lung and recovery of DNA may not be possible after time (Blouin et al., 1987) .
The pathogenic significance of this parasite to the health of free-ranging Iberian lynx is currently uncertain. Logic suggests that it might behave in a way similar to C. felis in the bobcat, with the infection most often being subclinical (Walker and Cowell, 1995) but causing some deaths of freeranging bobcats every year (Nietfeld and Pollock, 2002) . To the present date, the infection by this agent has not been associated with the presence of clinical signs in Iberian lynx, but this newly described parasite must be treated as a threat to the species, because we are dealing with a species of a high degree of inbreeding (Johnson et al., 2004) with histologic evidence of immunodeficiency (Peñ a et al., 2003) including generalized lymphoid depletion and hyaline deposits in arterioles of lymphoid tissues. Until further investigations concerning pathogenicity of this Cytauxzoon sp. in lynx are carried out, precaution should be taken in moving lynx between infected and potentially uninfected populations, as suggested for other endangered feline species .
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